Introduction: Peri-operative monitoring of coagulation is important to diagnose potential cause of hemorrhage, to manage coagulopathy and guide treatment with blood products in patients undergoing cardiac surgery with cardiopulmonary bypass. This study was done to evaluate usefulness of Thromboelastography (TEG) and routine coagulation tests (RCT) in assessing hemostatic changes and predicting postoperative bleeding in patients undergoing cardiac surgery with cardiopulmonary bypass. Methods: Fifty adult patients undergoing cardiac surgery with cardiopulmonary bypass were enrolled in this prospective study. Preoperative and post-operative samples were collected for routine coagulation tests and TEG. Regression analysis and test of significance using Pearson's correlation coefficient was performed to assess correlation between routine coagulation tests and corresponding TEG parameters .Regression analysis was done to study relation between blood loss at 24 hours and various coagulation parameters. Results: The Routine coagulation test i.e. PT, INR, APTT showed no significant correlation with corresponding TEG parameters in pre-operative samples. However platelet count significantly correlated (p = 0.004) with MA values in postoperative samples. A significant correlation (p = 0.001) was seen between fibrinogen levels and alpha angles as well as with MA in both baseline preoperative and postoperative samples. TEG parameters R time and MA in postoperative samples were the only parameters that predicted bleeders with fair accuracy. Conclusion: Though the techniques of RCT and TEG are different, a few RCT e.g. platelet count and fibrinogen correlated with corresponding TEG parameters i.e. MA and Alpha angle. TEG parameters (R time and MA in postoperative samples) were able to predict blood loss better than RCT.
Introduction
Coagulation and fibrinolysis processes in cardiac surgery with cardiopulmonary bypass (CPB) are monitored by conventional plasma-based assays including prothrombin time (PT), activated partial thromboplastin time (APTT), and fibrinogen in addition to platelet count. Thromboelastography (TEG), a point-of-care method, is also increasingly used for assessment of hemostatic abnormalities during CPB. These two methods are fundamentally different; the conventional coagulation tests measure the various components of the hemostasis in isolation. TEG measures the various components of hemostasis as they interact with one another in vivo. Perioperative monitoring of coagulation is important to diagnose potential cause of hemorrhage, manage coagulopathy, and guide treatment with blood products in patients undergoing cardiac surgery with CPB.
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Approximately 20% of patients bleed significantly after cardiac surgery. However, a surgical cause is found only in 50% of reexplorations. [1] CPB is associated with complex hemostatic disturbances mainly contributing to nonsurgical bleeding. [2] [3] [4] [5] The possible triggers of a coagulopathy leading to excessive bleeding are extensive surgical trauma, prolonged blood contact with the artificial surface of the CPB circuit, high doses of heparin, hypothermia, and platelet activation and dysfunction caused mainly by heparin and hypothermia. [1] It suggests a need to test these patients to determine hemostatic disorder and to differentiate it from a surgical cause of abnormal bleeding.
Blood products are often administered empirically in these patients, due to long turnaround times of laboratory based coagulation tests. Empiric transfusion of blood products is often inappropriate and may result in increased morbidity and mortality and hospital costs in these patients. [6] [7] [8] There are few studies that have reported a better predictive value of TEG as compared to routine coagulation tests (RCT) for blood loss and consequently better use of blood products in patients undergoing cardiac surgery with CPB. [9] [10] [11] However, other studies have reported no predictive value of TEG for blood loss in such patients. [12] [13] [14] [15] This study was done to evaluate whether RCT correlate with TEG parameters and to evaluate the usefulness of these (RCT and TEG) to predict postoperative bleeding in patients undergoing cardiac surgery with CPB. This may be helpful in judicious use of blood products in these patients.
Materials and Methods
After obtaining approval of the Ethics Committee of our institute and written informed consent, fifty adult patients undergoing cardiac surgery with CPB were enrolled in this prospective study from January 2014 to April 2015. Adult patients with normal baseline coagulation profile and in whom anticoagulants and antiplatelet agents were discontinued at least 7 days before surgery were included in this study.
Blood samples were collected at two-time points.
(1) Preoperatively (before induction of anesthesia and heparinization). (2) Postoperatively at admission to intensive care unit (ICU) once the patient was settled. Preoperative sample was collected immediately after a venous line was established. Three samples were collected: (1) K3 ethylenediaminetetraacetic acid (EDTA) vacutainers (2) 0.105-0.109 M tri-sodium citrate vacutainers (Becton Dickinson) were used to collect for routine hematological tests and RCT. (3) 1 ml nonanticoagulated blood sample was transferred immediately to Kaolin containing vial and Kaolin-activated TEG was done in OT using TEG ® 5000 Thrombelastograph ® Hemostasis Analyzer System (Haemonetics Corporation US).
In OT, all the patients were anesthetized, heparinized, put on CPB support, and surgery was done as existent standard protocol. The adequacy of heparin anticoagulation during CPB was monitored by activated clotting time as point-of-care test. Once the patient was weaned from CPB heparin reversal was done by injection protamine sulfate in the ratio of 1:1 for total heparin used. The adequacy of heparin reversal was again monitored by ACT, and it was ensured that it reached preheparinization value.
Postoperative sample collection: heparin-contaminated venous lines were avoided during postoperative sample collection, and in unavoidable circumstances, venous line was flushed with crystalloid and first few milliliters of blood were discarded, and whole blood sample was collected and transferred to (1) EDTA vial, (2) Citrate vial, and (3) 1 ml nonanticoagulated blood sample was transferred to heparinase-containing Kaolin vials available with TEG kit.
Following TEG parameters were studied: R = Reaction time: It is a measure of clotting factors, K = Kinetic time: It is a measure of the speed taken to reach a specific level of clot strength. Together with the alpha angle, it is a measure of clot kinetics. Alpha Angle: Measures the speed of fibrin build-up and cross-linking (clot strengthening), MA = maximum amplitude: it represents the ultimate strength of the clot and is a measure of platelet function, LY 30: It indicates breakdown of the clot, and therefore, gives an idea of clot stability.
Blood samples were transported within 1 h at room temperature to laboratory where citrated sample was centrifuged at 2000 g for 10 min at 18°C-25°C to ensure platelet depletion. RCT Chest tube drain was recorded hourly till 24 h postoperatively as per existing ICU protocol in milliliters. Excessive bleeding was defined as >100 ml every hour in the first 3 h or 300 ml in any hour or >1000 ml in 24 h and such patients were classified as bleeders.
Statistical analysis
For statistical analysis, IBM SPSS, Version 20.0. (IBM Corp., Armonk, NY, USA) Data editor V20 was used. The data were expressed as the mean, standard deviation and range. The relationship between TEG-derived blood clotting variables and those from routine coagulation profile were obtained using correlation analysis. Mean values of CBC, coagulation tests, and TEG parameters in pre-and postoperative samples were compared by paired samples t-test, and significant (2-Tailed) values were derived. To assess whether standard coagulation tests correlate with TEG parameters, regression analysis and test of significance were performed between corresponding RCT and TEG parameters using Pearson's correlation coefficient. Pearson's correlation coefficient was also used to determine relation between blood loss at 24 h and routine coagulation parameters as well as TEG variables. Receivers operating characteristic (ROC) curves were derived to know how accurately different coagulation parameters detected bleeders. Regression analysis was done to study the relation between blood loss at 24 h and various coagulation parameters. Values of P < 0.05 were considered to be statistically significant.
Results
Fifty adult patients with a mean age of 32 ± 12.5 years (range 18-67) undergoing cardiac surgery with CPB were enrolled in this prospective study. During the procedure, aortic cross clamp time (ACC time), CPB time, drain output during surgery, and chest tube output at 24 h were noted. Mean ACC time was 50 ± 22.8 min; mean CPB time was 82 ± 33.5 min. Mean drain output after closure of surgery was 585 ± 192.7 ml, and chest tube output at 24 h was 509 ± 378.9 ml. The demographic characteristics and operative details of patients are shown in Table 1 .
Hematological parameters
The mean values of baseline CBC parameters such as hemoglobin 12.1 ± 1.5 g/dl, hematocrit 36.1 ± 4.2%, RBC count 4.44 ± 0.59 × 10 12 /l, total leukocyte count: 7.5 ± 2.4 × 10 9 /l, and platelet count 215 ± 76 × 10 9 /l were within normal range. A significant decrease (in %) from baseline levels were observed in postoperative samples for hemoglobin (19.8%, P = 0.001), RBC count (22.72%, P = 0.001), hematocrit (19.9%, P = 0.001), platelet count (32.1%, P = 0.001), and plateletcrit (25%, P = 0.001) whereas Total Leucocyte count, (TLC) showed significant increase by 104%, P = 0.001 [ Table 2 ].
Laboratory coagulation parameters
Coagulation parameters in pre-and postoperative samples also showed variation. The mean values of PT in postoperative were increased by 29% (P = 0.001) and APTT by 18% (P = 0.05). In six patients, PT and APTT were found to be deranged in preoperative samples which could be due to persistent effect of heparin given 24 h before surgery. The fibrinogen levels were also found to be significantly reduced (26.6%, P = 0.001) in postoperative samples as compared to baseline levels. D-dimer estimation showed a significant increase of 106% (P < 0.01) in postoperative samples from baseline values indicating ongoing fibrinolysis in these samples [ Table 2 ].
Thromboelastography parameters
The mean values of TEG parameters r-Time: 7.2 ± 1.8 min (3.8-12.9), k-Time: 2.7 ± 1.0 min (1.2-5.1), alpha angle: 54.7 ± 10.1 degrees (34.1-69.2), MA 65.4 ± 5.4 mm (53.7-76.2), and LY 30: 0.19 ± 0.6 (0.0-2.3%) were within normal range in baseline preoperative samples and showed no significant variation in postoperative samples. An increase in r-Time was seen in postoperative samples of 7 patients. Alpha angle values were found to be lower than normal range (<47 degrees) in 7 patients postoperatively. Lower value of MA <54 mm was seen in six patients postoperatively. However, this difference was not statistically significant for any of these parameters [ Table 2 ].
Correlations of thromboelastography parameters with routine coagulation tests
To assess whether RCT correlate with TEG parameters, pearson's correlation coefficient was determined between PT and r-Time, INR and r-Time, APTT and r-time, platelet count and MA, fibrinogen and MA, fibrinogen and alpha angle, D-dimer and LY 30.
The RCT, i.e., PT, INR, APTT, and platelets showed no significant correlation with corresponding TEG parameters in preoperative samples. However, in postoperative samples, platelet count was significantly correlated (P = 0.004) with MA values [ Figure 1a ]. On the other hand, a significant correlation (P = 0.001) was seen between fibrinogen levels and alpha angles as well as with MA in both baseline preoperative and postoperative samples [ Table 3 and Figure 1a ].
Laboratory parameters in Bleeder and nonbleeder patients
On the basis of criteria mentioned in material and methods, excessive bleeding was seen in 6 patients. These six bleeders belonged to MVR (n = 3) and DVR (n = 3) groups. None of the patients from other operative procedure group were identified as bleeders. Three of these patients were reexplored in OT, and clot evacuation was done followed by medical management and other three were managed medically with blood components and drugs without reexploration.
Regarding patient demographics of bleeders, no significant differences in age, sex, height, weight, and drain output Chest tube output at 24 h (ml) 509±378. 9 (80-1960) CPB: Cardiopulmonary bypass, ACC: Aortic cross-clamp, BSA: Body surface area, ASD: Atrial Septal Defect, VSD: Ventral Septal Defect, PS: Pulmonary Stenosis during surgery data were noted when compared to nonbleeders. However, ACC time (24%), CPB time (20%), and chest tube output at 24 h (237%) were found to be increased in bleeders as compared to nonbleeders [ Table 5 ]. The platelet count and coagulation parameters of bleeders and nonbleeders were compared. The mean baseline platelet count among bleeders was 26% lesser as compared to nonbleeders; however, it was not statistically significant (P = 0.08) though mean platelet values were within normal range in both the groups. On comparison of routine coagulation profile, no significant differences in mean PT and APTT values were seen in bleeders as compared to nonbleeders in both baseline preoperative as well as postoperative samples.
Although PT and APTT in both groups were not different, fibrinogen levels were found to be 17% lower in bleeders as compared to nonbleeders in baseline samples. This decrease in fibrinogen was even more marked (27%) and statistically significant (P = 0.04) in postoperative samples.
Near normal mean value of D-dimer (0.54 µg/ml) was seen in nonbleeder group while it was higher (1.2 µg/ml) in bleeders in preoperative samples though it was short of statistical significance (P = 0.06). D-dimer was found to be increased in both nonbleeder (1.2 µg/ml) and bleeder (1.8 µg/ml) groups in postoperative samples; however, the magnitude of this increase was still lower by 50% in nonbleeders as compared to bleeders [ Table 5 ].
TEG parameters of bleeders when compared to nonbleeders did not show statistically significant differences in either preoperative or postoperative samples in our study [ Table 4 ].
Correlation of coagulation and thromboelastography parameters with postoperative blood loss
In preoperative samples, none of the TEG parameters showed correlation with blood loss. However, in postoperative samples, among TEG parameters MA, r-time, and k-time showed a significant correlation with blood loss. Negative significant correlation was observed between blood loss and postoperative MA (r = −0.4 and P = 0.003) whereas positive significant correlation was seen between blood loss and postoperative r-Time (r = 0.4 and P = 0.003) and k-Time (r = 0.3 and P = 0.01) [ Figure 1b ]. No RCT was found to be able to predict blood loss.
Discussion
Cardiac surgery with the use of CPB is a scenario that results in widespread, multifactorial activation of the hemostatic system. The various factors that disturb hemostasis during cardiac surgery are as follows: induced hypothermia, hemodilution, coagulation activation, endothelial injury, platelet activation, and dysfunction and fibrinolytic system activation. Bleeding management after CPB is commonly guided by plasma-based assays, i.e., PT, APTT, and fibrinogen level in addition to platelet count. However, these tests have long (30-60 min) turn-around times. TEG -a point-of-care test for monitoring coagulation during or after CPB.
In the present study, we evaluated relationship of TEG parameters with corresponding routine laboratory coagulation tests. In our study, the TEG parameters, i.e., alpha angle and MA had a significant correlation with fibrinogen and strong correlation between MA and platelet count in postoperative samples. These findings are similar to the previous studies by Welsby et al., [16] Welsh et al., [17] and Ozolina et al., [11] who had also reported strong correlation between postoperative MA and postoperative platelet counts whereas Welsby et al. [16] also reported moderate correlation between postoperative MA and postoperative fibrinogen level. Moderate correlation was shown between the postoperative r-Time and PT by Welsh et al., [17] however, no such correlation was seen in our as well as by Welsby et al. [16] Ozolina et al. [11] has shown correlation between preoperative r-Time and preoperative APTT; however, our study and studies by Welsby et al. [16] Welsh et al. [17] showed no such correlation. Contrary to these and our study, Dorman et al. [12] have shown that there is no correlation between preoperative and postoperative TEG and RCT parameters. Narani [18] has reported that it is not possible to correlate TEG parameters with conventional coagulation profile as both techniques are different. Contrary to which our study has shown that moderate significant correlation exists between fibrinogen and alpha angle as well as MA in both pre-and postoperative samples. However, such significant correlation between MA and platelet count was seen in only postoperative samples.
We also evaluated the utility of TEG and routine coagulation parameters to predict postoperative blood loss in patients undergoing cardiac surgery on CPB. Based on criteria of postoperative blood loss mentioned in material and methods, we identified six bleeders. The incidence of bleeders in our study (12%) was lower as compared to other studies in which it ranged from 17% to 36%. [11, 13, 17] Spiess et al. [9] in their study concerning TEG and blood loss in cardiac surgery patients had shown that TEG was a significantly better predictor (87% accuracy) of postoperative hemorrhage than was the activated clotting time (30%) or coagulation profile (51%). Ereth et al. [10] have reported that TEG was more predictive of blood loss than PACT, ACT, and clotting studies.
In our study, postoperative r-Time, k-Time, and MA were found to be significantly better predictor of postoperative bleeding than other TEG parameters. None of RCT showed any correlation studies with postoperative blood loss. ROC curves were derived to know how accurately different [16] Ozolina et al., [11] and Welsh et al. [17] have shown that TEG is a better predictor of postoperative bleeding than RCT similar to our study.
There are some studies, for example, Wang et al. [14] which found no correlation between the amount of postoperative chest tube drainage and TEG variables. Dorman et al. [12] also reported that TEG failed to predict intraoperative blood loss. Nuttall et al. [13] found no correlation between TEG done after CPB and 24-h blood loss. Sharma et al. [15] in their retrospective study found that adding TEG angle and MA to clinical parameters did not improve chest tube output predictability.
Routine coagulation parameters were not found to be associated with postoperative blood loss in our study similar to study by Ti et al. [19] though Ozolina et al. [11] has reported that preoperative APTT can predict blood loss.
In our study, we could not evaluate the utility of TEG parameters in guiding blood component therapy as the number of bleeders in our study was relatively small and only five out of six patients of this group were provided blood component support by packed RBC, platelet, fresh frozen plasma, or cryoprecipitate.
Conclusion
Although RCT measures the various components of the hemostasis in isolation, while TEG measures the various components of hemostasis as they interact with one another in vivo, a few RCT, for example, platelet count and fibrinogen correlated with corresponding TEG parameters, i.e., MA and alpha angle. TEG parameters (R time and MA in postoperative samples) were able to predict blood loss better than RCT.
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